Abstract: Intrahepatic cholestasis of pregnancy (ICP) is
INTRODUCTION
Intrahepatic cholestasis of pregnancy (ICP) is characterized by skin pruritus and elevation of serum aminotransferase levels and bile acid concentration in maternal sera. It is one of the most common liver disorders in pregnancy [1] .The condition is characterized by pruritus and jaundice with mild to moderate elevations in transaminases, bilirubin levels and bile acids in the absence of other pregnancy specific or non-specific diseases that can explain these findings. ICP usually manifests during the second or third trimester of pregnancy and spontaneously improves after delivery [2] .The disease effects both mother and the fetus but the most deleterious harms are on fetus. The purpose of diagnosis and management is primarily better fetal and neonatal outcome [3] .The pathophysiology, clinical features, diagnosis, complications and treatment of intrahepatic cholestasis of pregnancy is reviewed here. Recent advances in management is emphasized.
EPIDEMIOLOGY
ICP is a rare disease but there is a great variation in prevalance of the disease. Prevalence differs extremely in different areas, in different rates and also differs seasonally. The incidence differs ranging from 0.1 to 15.6 percent in literature [4] .Scandinavia and Chile have the highest prevalence. In the past, 2% prevalence is reported in Sweden in 1950s and in Chile a prevalence up to 14% in 1960s. Curiously, prevalence in both regions has since fallen. ICP is less common in other regions of the world, although incidence has risen since the 1950s and 1960s in Europe, Asia, North America, Australia, and some other Latin American countries [5] .The disease has a seasonal variability and is seen more commonly in winter in Chile and Scandinavia [6, 7] .A higher incidence is seen in twin pregnancies (20%-22%) [8, 9] .and following in vitro fertilization treatment (2.7% vs 0.7%) [10] .The patients with ICP have drug sensivities hiher and have more prolonged emezis in the pregnancy [11] .ICP is more common in Hepatitis C seropositive pregnant women and seems to be associated with early onset of the disease [12] .Gallstones are identified more common at ICP patients and their families [13] .
PATHOGENESIS
ICP is primarily associated with hormonal and genetic factors. Environmental factors may also influence the expression of the disease. Literature suggests a strong evidence of genetic factors in pathogenesis. Sister of a patient has a higher incidence than population. Familial intrahepatic cholestasis (PFIC) and benign recurrent cholestasis(BRIC) syndromes are defined. . These autosomal recessive syndromes are caused by homozygous mutations in the genes encoding biliary transport proteins, and case reports have described ICP in the heterozygous mothers of affected children [14] .Bile formation is largely dependent upon the normal function of multiple hepatic and canalicular membrane transport proteins. Heterozygous mutations in gene ABCB4 (adenosine triphosphate-binding cassette, subfamily B, member 4), which encodes the hepatic phospholipid transporter MDR3 (multidrug resistance 3), have been found in patients with ICP [15] . ATP8B1, ABCB4 and ABCB11 represent three of the many known canalicular transport genes responsible for normal bile flow, and are found to be mutated in individuals with certain cholestatic diseases, such as progressive familial intrahepatic cholestasis (PFIC), benign recurrent intrahepatic cholestasis (BRIC) and contraceptive-induced cholestasis (CIC). More specifically, mutations in both ABCB4 and ABCB 11 genes have been associated with intrahepatic cholestasis of pregnancy [16, 17] .The prevalence of such ABCB4 gene mutations in Caucasian patients suffering from ICP is 16 percent [18] .There is strong evidence that hormones have a role in the etiology of ICP. The disease is more common in multiple than singleton pregnancies (20.9% vs 4.7% in one study) [19] .Also, the disease is more common in the third trimester when the estrogens are highest. Because the disease can be recurred with oral contraceptive use when non-pregnant; this may be an evidence of role of reproductive hormones [15] .In vitro studies have demonstrated that the cholestatic estrogen metabolite, 17-b-estradiol glucuronide, inhibits excretion of bile salt into the bile canaliculus [20] .Altough estrogens are known to cause cholestasis in both experimental and clinical conditions, evidence suggests that progesterone has a role in pathogenesis of the disease. In one study of 50 women with ICP from France, 32 had been treated with oral natural progesterone to prevent premature delivery. During the same period, the percent of pregnant women without ICP who had been treated with natural progesterone during pregnancy was significantly lower [21] .Although total progesterone levels does not change in ICP comparison to normal pregnancies, the profile of metabolites is different and this may reflect impaired excretion of these metabolites at the canalicular membrane, or abnormal synthesis [22] .
CLINICAL FEATURES
Intrahepatic cholestasis of pregnancy is usually diagnosed in the third trimester and it is rarely seen before 25 weeks' gestation. Pruritus is usually the main complaint of patient and generally starts in the palms and soles, progresses to the arms and legs, and eventually involves the trunk and face. There is additional progression from occasional pruritus to constant pruritus, which can lead to sleep deprivation and irritability. Jaundice may be the initial complaint but not expected, it typically develops 1 to 4 weeks after the onset of pruritus [23] .Pruritus may precede laboratory abnormalities. Abdominal pain is unexpected. Encephalopathy or other stigmata of liver failure are unusual, and their presence should initiate a search for other causes of liver disease [24] .Pruritis typically resolves within 48 h of delivery. There are no associated dermatological features other than excoriation marks, which may be severe. Many women report that their pruritus worsens at night [22] .The disease typically presents at late second trimester or third trimester but but ICP has been reported as early as 8 weeks gestation [25] .Pruritis may be present either prior to or after abnormal liver function is detected. Constitutional symptoms of cholestasis may also be present, including anorexia, malaise and abdominal pain. Pale stools and dark urine have been reported and steatorrhea may occur [26] .Coexistence of ICP with other pregnancy-related disorders including pre-eclampsia, acute fatty liver of pregnancy, and gestational diabetes are reported in literature [27, 28] .
Serum total bile acid concentrations increase in ICP and may be the first or only laboratory abnormality. The serum bile acid concentrations also are usually elevated, and the cutoff values chosen for diagnosis of ICP are usually values of more than 10 mmol/L. Normal bile acid concentrations do not exclude the diagnosis [29] .In ICP, transaminases may rise before or after serum bile acids. ALT is thought to be a more sensitive marker of ICP; there is a 2-10-fold increase in serum levels that is generally more marked than the rise in AST [30] .If hyperbilirubinemia is present, it tends to be a conjugated hyperbilirubinemia. Alkaline phospatase has not a diagnostic value for the diagnosis due to placental isoform (30) . Serum bile acid measurement is now considered to be the most suitable biochemical marker for both the diagnosis and monitoring of ICP, with the cholic acid(CA) level or the CA: chenodeoxycholic acid (CDCA) ratio proposed as being the most sensitive indicator for the early diagnosis of the condition [31] .CA is the primary elevated bile acid, so this ratio increases. One study reported impaired glucose tolerance associated with ICP [32] .Prolonged prothrombin time may be seen and is associated with vitamin K malabsorption and steatorrhea especially with the use of cholestyramine [33] .In urine analysis elevated bile acids CA and CDCA are elevated [24] . On ultrasonography, the biliary ducts are not dilated, and hepatic parenchyma appears norma [34] .Gallstones are more frequent with ICP. However, ICP has been described in women with previous cholecystectomy, suggesting that the presence of gallstones is not causative of ICP [35] .Cholestasis recurs during subsequent pregnancies in 60 to 70 percent. Recurrent episodes change in severity. Affected women may be at increased risk for the development of gallstones [36] .
TREATMENT
The primary purpose of treatment is to reduce the maternal symptoms and to prevent maternal and fetal complications. Several drugs have been studied, and most focus on relieving symptoms. Ursodeoxycholic acid (udca, ursodiol) has emerged as the most promising treatment. Ursodeoxycholic acid (UDCA) is currently the most effective treatment of pruritus in ICP [37] .
Ursodeoxycholic Acid
UDCA is hydrophilic bile acid and used for the treatment of various cholestatic disorders. Currently, UDCA is the most promising treatment for ICP [38] .First Palma et al. reported UDCA improved significantly serum biochemistry in patients with ICP at 1992 [39] .Initial pilot studies in ICP followed by controlled trials demonstrated that UDCA improved pruritus and liver tests and had no maternal or neonatal adverse effects [39, 40] .Since that time, there have been several studies and additional case series demonstrating that UDCA treatment results in clinical and biochemical improvement in ICP [41, 42] .Studies examining the bile acid pool composition have shown that, in addition to a reduction in the serum bile acid concentration, treatment with UDCA results in a normalization of the CA:CDCA ratios, and a reduction in urinary excretion that is associated with reduction in pruritus [43] .The mechanism underlying the beneficial effect of UDCA is unclear. UDCA has been shown to correct the impaired bile acid transfer kinetics observed in ICP placentas and to reverse the morphological changes seen in the placentas of a rodent model of ICP. UDCA also protects cardiomyocytes from bile acid-induced arrhythmias in an in vitro model. A concern with UDCA therapy is that bile acids can cross the placenta, which might lead to fetal toxicity. However, one study found that treatment restored the serum bile acid composition to more closely resemble that seen in healthy, pregnant controls.
Cholestyramine
Cholestyramine, which decreases the ileal absorption and increases the fecal excretion of bile acids, has been used in ICP. Nevertheless, cholestyramine is less effective than ursodeoxycholic acid in improving pruritus and liver tests and is also associated with more side effects [44] .There have been several studies suggesting that cholestyramine is effective at reducing pruritus in ICP. However, it has no effect on serum bile acid levels or other biochemical markers of cholestasis [45] .Furthermore, it may reduce the intestinal absorption of fat-soluble vitamins, thus depleting the levels of vitamin K and increasing the risk of hemorrhage for the mother and fetus. Cholestyramine is therefore no longer considered a first-line therapy for ICP [46] .
Dexamethasone
In a study from Finland, it is reported that dexametasone declined serum bile acid levels, improved liver biochemistry and improved symptoms. These benefits of dexamatosone is linked to its estrogen secretion inhibitor effects at placenta [47] .But it is not preferred commonly, because it crosses placenta and may result adverse effects on the fetus at higher doses [48] .
Other Drugs
Rifampicine recently being used commonly in the treatment of gallstones and primary biliary cirrhosis. But there is no published study for rifampicine monotherapy in ICP. Its combination with UDCA may be more effective for patients that are unresponsible to UDCA monotherapy [24] .Although it is not supported in trials, many clinicians use oral vitamin K agents for vitamin K defficiency due to malabsorption [24] .S-Adenosyl-L-methionine (SAM) is reported effective in a few trials, but this is not proved in more recent studies. SAM reversed estrogen induced impairment of bile flow in rats [49] .Now it is advised as combined therapy with UDCA for unresponsible cases to monotheraphy with UDCA [50] .
FETAL OUTCOME AND PROGNOSIS
Although ICP is commonly a benign disorder for the mother, it may have significant riks for the developing fetus. The main complications are prematurity, meconium-stained amniotic fluid(MSAF), intrauterine demise, and an increased risk for neonatal respiratory distress syndrome(RDS). All these complications are significantly correlated with elevated bile acid levels [51] .Fetal complications seems to be results of bile acids in fetal circulation, fetal tissues and fetal airways. In vitro studies of isolated placental vesicles have shown that vectorial transfer of bile acids from fetus to mother is impaired in ICP, and that this is specifically the result of decreased efficiency of ATP independent transport [52] .Bile acids are known to cause an increase in colonic motility and this is a possible explanation meconium-stained amniotic fluid. This is proved in a animal model [53] .Alternatively, the bile acids may cause fetal distress and subsequent meconium passage. In ICP, MSAF has been reported in 16%-58% of all cases and up to 100% of cases affected by intrauterine death [54] .The frequency of MSAF is greater in pregnancies with higher reported levels of maternal serum bile acids. Elevated bile acids in circulation of rat models resulted abnormal heart rate patterns. This may be responsable for cardiotocographical changes of fetus. Taurocholic acid treatment resulted decreased contractility at rat cardiomyocytes [55] .
Recent studies report rates of preterm birth as 30%-40% in ICP cases without active management. Reid et al reported an overall incidence of 36%, but the incidence was 48% for the patients with hyperbillirubinemia [56] .But recently majority of prematurity is related to increased active management and iatrogenic births arround 37 weeks. The rate of spontaneous birth is increased with elevated bile acid levels. The rate of this complication was significantly higher in ICP pregnancies with maternal fasting serum bile acids > 40 µmol/L in a large Swedish study [57] .RDS was found to affect 28.6% of newborns from cholestatic pregnancies and high levels of bile acids were found in the bronchoalveolar fluid of 10 infants with RDS [58] .This can a result of prematurity but it seems as an effcet of high bile acids on fetal lung and airways. The pathophysiology of fetal death in ICP is poorly understood, but may be related to the sudden development of a fetal arrhythmia or vasospasm of the placental chorionic surface vessels induced by high levels of bile acids [59] .Intrauterine demise incidence is declined recently with active management of patients with ICP. Older studies using only biochemical abnormalities to diagnose ICP have reported a perinatal mortality rate of 10%-15% without active management [60] .Active management consists of increased fetal monitoring, frequent biochemical testing, pharmacotherapy with ursodeoxycholic acid (UDCA) or delivery at 37-38 wk gestation. These management protocols are based on evidence showing that stillbirths in ICP tend to cluster around 37-39 wk. But there are a lot of reports of IUD before 37weeks in literature. No relation of ICP with fetal growth retardation reported in literature [24] .
TIMING OF DELIVERY
The best treatment of ICP is delivery but the timing should be balanced with the risk of fetal death against the potential risks of prematurity. Active management has usually been recommended to prevent the risk of IUFD, and routine deliveries at 37 to 38 weeks of gestation are common place in maternity units. Royal College of Obstetricians and Gynaecologists (RCOG) recommends elective delivery after 37 weeks. But there is no consensus about the time of delivery [61] .Timing of delivery should be individualized for each patient. The value of antepartum tests for fetal well-being are not proven. Several others reported intrauterine fetal demise occurring within a few days of a reactive NST. Non Stress tests and other tests for detection of the effects of chronic placental insufficiency on the fetus may not be useful in ICP because the mechanism of intrauterine fetal demise is thought to be a sudden event rather than the result of a chronic placental vascular process [62] .But most obstetricians use NST for follow-up ICP patients. Moreover, the usefulness of a policy of the induction of labor has never been demonstrated by appropriate randomized controlled trials (RCTs). In the absence of evidence based recommendations, the timing of delivery should be discussed on an individual basis after weighing the risk related to prematurity, and the maternal morbidity related to inducing labor, against the risk of sudden IUD, which thus far remains unpredictable [62] .Indications for delivery prior to 36 weeks of gestation because of ICP include excruciating and unremitting maternal pruritus not relieved with pharmacotherapy, jaundice, or a prior history of fetal demise before 36 to 37 weeks due to ICP with recurring ICP in the current pregnancy. Based on limited data, total serum bile acid concentrations ≥100 micromol/L is another potential indication for delivery prior to 36 weeks of gestation [63, 64] .In these situations timing of delivery should be postponed and as long as possible after 34 weeks of gestation, depending on the individual's particular circumstances (severity of symptoms, gestational age of previous fetal demise) [64] .ICP is not a contraindication to breastfeeding.
SIGNIFICANCE OF MATERNAL BILE ACID LEVELS
Maternal sera bile acid levels strongly associated with adverse fetal outcome and this is reported in a lot of different studies. The risk of fetal complications was statistically increased at bile acid levels ≥40 micromol/L. The risk for fetal demise also appears to be increased with higher bile acid levels, especially with bile acid levels ≥100 micromol/L. The rate of fetal demise at this level was 10 percent (2/21) in one study [63] .and 15 percent (4/26) in another [65] .In a large prospective cohort study of women with ICP with total bile acid concentrations ≥40 micromol/L, the incidence of IUD was 1.5 percent (10/669), which was higher than the control population incidence of 0.5 percent (11/2208). In this study, 6 of 10 stillbirths occurred before 37 weeks of gestation, with a median gestational age at delivery of 36±2 days and median total bile acid levels of 137 micromol/L [66] .But it is not certain whether delivery timing should be altered once bile acids have reached a level below 40 micromol/L after the initiation of medical therapy.
CONCLUSION
Intrahepatic cholestasis of pregnancy can have devastating consequences for the fetus and mild complications for the mother. The etiology is unclear, but genetic, hormonal and environmental factors influence the prevalance of the disease. The best treatment is to reduce bile acid levels. Higher bile acid levels are related with more severe fetal complications. Recently, UDCA is the most efficient treatment for good fetal and maternal outcome. Timing of delivery should be individualized and balanced with prematurity and maternal-fetal complications.
